Colony-stimulating factor 1 receptor (CSF1R) plays a critical role in promoting tumor progression in various types of tumors. Here, we identified D2923 as a novel and selective inhibitor of CSF1R and explored its antitumor activity both in vitro and in vivo. D2923 potently inhibited CSF1R in vitro kinase activity with an IC 50 value of 0.3 nM. It exhibited 10-to 300-fold less potency against a panel of kinases tested. D2923 markedly blocked CSF-1-induced activation of CSF1R and its downstream signaling transduction in THP-1 and RAW264.7 macrophages and thus inhibited the in vitro growth of macrophages. Moreover, D2923 dose-dependently attenuated the proliferation of a small panel of myeloid leukemia cells, mainly by arresting the cells at G1 phase as well as inducing apoptosis in the cells. The results of the in vivo experiments further demonstrated that D2923 displayed potent antitumor activity against M-NFS-60 xenografts, with tumor growth inhibition rates of 50% and 88% at doses of 40 and 80 mg/kg, respectively. Additionally, D2923 was well tolerated with no significant body-weight loss observed in the treatment groups compared with the control. Furthermore, a western blot analysis and the immunohistochemistry results confirmed that the phosphorylation of CSF1R in tumor tissue was dramatically reduced after D2923 treatment, and this was accompanied by the depletion of macrophages in the tumor. Meanwhile, the expression of the proliferation marker Ki67 was also markedly decreased in the D2923 treatment group compared with the control group. Taken together, we identified D2923 as a novel and effective CSF1R inhibitor, which deserves further investigation.
INTRODUCTION
Colony-stimulating factor 1 receptor (CSF1R, also known as cFMS) is a part of the class III growth factor receptor family that includes stem cell factor receptor (c-Kit), FMS-like tyrosine kinase 3 (Flt3), and platelet-derived growth factor receptor (PDGFR) α and β [1, 2] . CSF1R is activated by the homodimeric growth factors colony-stimulating factor-1 (CSF-1) and interleukin-34 (IL-34) and, subsequently, stimulates the proliferation and differentiation of monocyte/macrophage precursors [2] [3] [4] . CSF1R plays an important role in innate immunity by regulating the development of most tissue macrophages and osteoclasts, Langerhans cells of the skin, Paneth cells of the small intestine, and brain microglia [2] . It also regulates the differentiation of neural progenitor cells and controls the functions of oocytes and trophoblastic cells in the female reproductive tract [2, 5] .
Accumulating evidence suggests the association of CSF1R with the development of different types of cancer [6, 7] , including myeloid leukemia. Overexpression of CSF1R recruits macrophages into the tumor site [7] and induces them to transform into an M2-like phenotype, which is generally called a tumor-associated macrophage (TAM) [8] [9] [10] . TAMs are reported to promote tumor growth, angiogenesis, invasion, and metastasis as well as resistance to therapy [9, 11, 12] . Currently, the inhibition of TAM survival/ activation by targeting CSF-1/CSF1R signaling has become a highly attractive strategy for cancer therapy [11, [13] [14] [15] [16] [17] . There are several selective or nonselective small molecule CSF1R inhibitors reported that have advanced into different stages of clinical investigation [18] [19] [20] [21] . PLX3397 (pexidartinib), an oral tyrosine kinase inhibitor of CSF1R, c-Kit, and mutant Flt3, is an agent with the broadest clinical development program and is undergoing phase III clinical studies in patients with diffuse type giant-cell tumors, which are highly dependent on CSF-1/CSF1R, and in patients with recurrent glioblastoma [22, 23] . Though promising, the availability of the clinical data of PLX3397, on both safety and clinical activity, is still limited [24, 25] . BLZ945 is a selective small molecule inhibitor of CSF1R, which is developed to a phase I/II clinical trial for the treatment of solid tumors [18, [26] [27] [28] . There is no selective CSF1R inhibitor approved by the U.S. Food and Drug Administration (FDA) for cancer treatment up to now. Therefore, it is desirable to develop novel CSF1R inhibitors for the treatment of cancers that are dependent on CSF-1/CSF1R.
In the present study, we identified a novel CSF1R small molecular inhibitor, D2923. It potently inhibited the proliferation of macrophages induced by CSF-1 through CSF1R inhibition and downstream signaling suppression. It also showed potent antitumor activity against myeloid leukemia, which is highly dependent on CSF-1/CSF1R for growth, both in vitro and in vivo. 12 .01 min, 99.58% purity. D2923 was dissolved in dimethyl sulfoxide at 10 mM and, subsequently, was serially diluted to specific concentrations.
MATERIALS AND METHODS
Compound (S)-3-(2,6-dichlorophenyl)-7-((3-methyl-4-(4-methylpiperazin-1-yl) phenyl)amino)-1-(1-propionylpyrrolidin-3-yl)-3,4-dihydropyrimido [4,5-d]pyrimidin-2(1H)-one (D2923
Kinase assays
The ability of D2923 to inhibit the activity of a panel of kinases was tested using an enzyme-linked immunosorbent assay (ELISA). The kinase enzymes CSF1R, c-Kit, PDGFRα, PDGFRβ, ErbB2, Trk-A, VEGFR1, Flt-3, IR, Trk-B, Trk-C, TEC, JAK3, EPH-A2, JAK1, JAK2, and RON were purchased from Eurofins (Brussels, Belgium). A total of 20 μM Poly (Glu, Tyr) 4:1 (Sigma, St Louis, MO, USA) was precoated in 96-well ELISA plates as a substrate. Active kinases were incubated with the indicated drugs in 1× reaction buffer (50 mM HEPES pH 7.4, 20 mM MgCl 2 , 0.1 mM MnCl 2 , 0.2 mM Na 3 VO 4 , 1 mM DTT) containing 5 μM ATP at 37°C for 1 h. After the incubation, the wells were washed with PBS and were then incubated with an anti-phosphotyrosine (PY99) antibody (Santa Cruz Biotechnology, Santa Cruz, CA) followed by an incubation with a horseradish peroxidase-conjugated secondary antibody. The wells were visualized using o-phenylenediamine (OPD), and the absorbance was read with a multiwall spectrophotometer (VERSAmax, Molecular Devices, Sunnyvale, CA, USA) at 490 nm.
Cell lines and cell culture The mouse myelogenous leukemia cell line M-NFS-60 (RPMI1640 + 0.05 mM 2-mercaptoethanol + 62 ng/mL CSF-1 + 10%FBS), human peripheral blood monocyte THP-1 cells (RPMI1640 + 10% FBS + 0.05 mM 2-mercaptoethanol), RAW264.7 mouse peritoneal macrophages (DMEM + 10%FBS), the human acute myelogenous leukemia cell line KG-1 (IMDM + 20%FBS), the human acute lymphoblastic leukemia cell line RS4;11 (RPMI1640 + 10%FBS) and the human erythrocyte leukemia cell line HEL (RPMI1640 + glucose + sodium pyruvate + 10%FBS) were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). The mouse colon cell line MC38 (DMEM + 10%FBS) was purchased from the FuDan IBS Cell Center (FDCC, Shanghai, China). Mouse brain glioma DBT cells (RPMI1640 + 10%FBS) were purchased from the Ministry of Health Pharmaceutical Biological Products Appraisal Institute (Beijing, China). All the cell lines were maintained in 5% CO 2 at 37°C with a humidified atmosphere.
Western blot analysis RAW264.7 cells were seeded into six-well plates at 2×10 6 cells per well. The cells were washed three times with PBS after adherence to remove serum protein, and then, the cells were starved in serum-free medium for 12 h. For the THP-1 or M-NFS-60 cell lines, the cells were directly seeded into six-well plates at 2×10 7 cells per well with serumfree medium for 12 h. Different concentrations of D2923 were added to the wells, and the cells were then incubated for 2 h before stimulation by 100 ng/mL CSF-1 per well or 2 mL of fresh MC38 or DBT CM, which was cultivated for 2 days. The cells were washed three times, and whole-cell lysates, for western blotting, were extracted with RIPA buffer (25 mM Tris-HCl pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS, protease, and phosphatase inhibitor cocktail). The cell lysates (30 μg) were loaded onto an SDS-PAGE gel and were transferred to a polyvinylidene fluoride membrane. The anticipated objective strap position on the membrane was clipped, and the membrane was incubated overnight at 4°C with the antibodies p-CSF1R(#3155S), CSF1R(#3152S), p-AKT (#4060S), AKT (#9272S), and ACTIN(#3700S), which were purchased from Cell Signaling Technologies (Cambridge, MA, USA). Recombinant human CSF-1 (C417) and recombinant mouse CSF-1 (CB34) were purchased from Novoprotein (Shanghai, China). A western blot analysis was subsequently performed with standard procedures.
Proliferation assays RAW264.7 cells were plated into 24-well plates with 5×10 3 cells per well. Then, the cells were treated with 1 μM D2923, 1 μM PLX3397 or vehicle control, in the presence or absence of CSF-1 (CB34, Novoprotein, Shanghai, China) at a concentration of 100 ng/mL. For all the experiments, the compounds and cytokines were renewed every 24 h. The cell numbers were recorded every 6 h using IncuCyte Zoom. Compared with the Raw264.7 cells, the THP-1 cells grew mainly in a state of suspension such that there was some difference between them. Briefly, the THP-1 cells were plated in 24-well plates with 5×10 3 cells per well. After adding drugs and cytokines, the cell numbers were recorded by a Beckman Coulter (Z2, CA, USA).
Tumor cell viability assays Tumor cell viability was evaluated using the CCK-8 Cell Counting Kit (A311-01/02, Vazyme, Nanjing, China). The cells were seeded into 96-well plates at 3000 cells per well and were cultured overnight to allow for recuperating. Then, they were treated with different concentrations of D2923 and were incubated for 72 h. The CCK-8 solution (10 μL) was added to each well after 72 h. Then, the plate was distributed and incubated for a certain time at 37°C in an incubator (depending on the type of cell, the was usually 1-4 h). The absorbance was measured at 450 nm using a microplate reader. A calibration curve was prepared using the data obtained from the wells that contained known numbers of viable cells.
Flow cytometry analysis
Cell-cycle determination. M-NFS-60 cells were collected and dispersed into six-well plates with 2×10 5 cells/well. Different concentrations of D2923 were used to treat the cells, and then, they were incubated for 48 h. The cells were collected and fixed with 70% ethanol overnight after washing twice with PBS. The cells were resuspended in 500 µL of PBS, containing 50 µg/mL propidium iodide (PI) and 100 μg/mL RNase A, for 30 min at 4°C away from light. The flow cytometry analysis was performed using a BD Aria III Flow Cytometer (BD Biosciences, San Jose, California, USA), and the data were analyzed using Modfit LT 4.0 software.
Cell apoptosis examination. Apoptosis was investigated using the Annexin V-FITC Apoptosis Detection Kit (A211-01/02 Vazyme, Nanjing, China). M-NFS-60 cells were seeded into a six-well plate and were incubated in gradient concentrations of D2923 for 48 h. The cells were washed twice with PBS and were resuspended in 500 µL of PBS containing 5 μL of Annexin V-FITC and 5 µL of the PI Staining Solution, for 30 min. The flow cytometry analysis was performed using a BD Aria III Flow Cytometer (BD Biosciences, San Jose, California, USA), and the data were analyzed by FlowJoVX software.
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In vivo antitumor activity Six male BALB/cA nude mice (cultivated by Shanghai Institute of Medicine, Chinese Academy of Sciences) were housed per cage for group administration. The mice were 5-6 weeks old, and the initial weight was 22 ± 2 g. The animal experiments were performed according to the institutional ethical guidelines of animal care. The cell lines were obtained from the ATCC. The M-NFS-60 cells were injected (s.c.) into the right flank of each mouse at a density of 5×10 6 in 200 μL, and the resulting tumors were allowed to grow to 600 mm 3 , which was defined as a well-developed tumor. The well-developed tumors were cut into 1.5 mm 3 fragments and were transplanted (s.c.) into the right flanks of nude mice using a trocar. When the tumor volume reached 200 mm 3 , the mice were randomly assigned into the control and treatment groups (n = 6 per group). The control group was given vehicle alone, and the treatment groups received a 40 mg/kg oral dose of PLX3397 or 80 and 40 mg/ kg oral doses of D2923 twice daily. The tumor sizes and animal weights were measured twice per week using a microcaliper and weight scale, respectively. The tumor volume (V) was calculated as follows: V = 0.5 × [length (mm) × width 2 (mm 2   ) ]. The individual relative tumor volume (RTV) was calculated as follows: RTV = V t /V 0 , where V t is the volume on each day, and V 0 represents the volume at the beginning of the treatment. The RTV is shown on indicated days as the mean ± SD as indicated for the groups of mice.
Immunohistochemistry
The tumor samples were fixed in formalin for over 24 h, were transferred to 70% ethanol, and were embedded in paraffin wax. The sections (5 μM) were cut and baked onto microscope slides. The slides were incubated with p-CSF1R (#3155S, Cell Signaling Technologies, Cambridge, MA, USA), F4/80 (MCA497G, Bio-Rad, Cal, USA) and Ki67 (ab16667, Abcam, CSPC, UK). Secondary antibodies were added, and the slides were visualized using a colorimetric method (DAB kit; ZSGB-Bio, Beijing, China). The stained sections were imaged using a BX51 Olympus microscope and a Microfire Digital Camera (Olympus). We adopted the multiplicative quick score method (QS) to assess the expression of different proteins. This system accounts for both the intensity and the extent of cell staining. Briefly, the proportion of positive cells was estimated and given a percentage score on a scale from 1 to 6 (1 = 1%-4%; 2 = 5%-19%; 3 = 20%-39%; 4 = 40%-59%; 5 = 60%-79%; and 6 = 80%-100%). The average intensity of the positively staining cells was given an intensity score from 0 to 3 (0 = no staining; 1 = weak, 2 = intermediate, and 3 = strong staining). The QS was then calculated by multiplying the percentage score by the intensity score to yield a minimum value of 0 and a maximum value of 18.
RESULTS

Structure and kinase inhibitory activity of compound D2923
The chemical structure of compound D2923 is shown in Fig. 1a . The effects of D2923 against CSF1R kinase activity was evaluated using an ELISA kinase assay with human recombinant enzymes. D2923 potently and dose-dependently inhibited the kinase activity of CSF1R, with an IC 50 value at 0.30 ± 0.02 nM (Fig. 1b, left) , which is more potent than the control compound PLX3397 (IC 50 = 14.9 ± 5.9 nM) (Fig. 1b, right) . To identify other potential targets, the effects of D2923 against CSF1R highly related class III kinases, including c-Kit, Flt3, PDGFRα, and PDGFRβ, were detected. It displayed tenfold less potency on c-Kit, PDGFRα, and PDGFRβ compared with CSF1R (Fig. 1c) . Moreover, it showed 300-fold less potency on Flt3 compared with CSF1R and exhibited no obvious inhibition on a panel of kinases, including ErbB2, Trk-A, VEGFR-1, Trk-B, Trk-C, TEC, JAK3, IR, EphA2, JAK-2, JAK-3, and EphB2, even at 100 nM, a concentration that is 300-fold higher than the IC 50 against CSF1R (Fig. 1d) . These results demonstrated that D2923 is a potent and relatively selective inhibitor of CSF1R.
D2923 inhibits cell proliferation of macrophages by blocking CSF1R activation As CSF1R is required for the proliferation and survival of macrophages, the antiproliferative activities of D2923 against macrophages were then examined. Murine peritoneal macrophage RAW264.7 cells and human peripheral blood monocyte THP-1 cells, which express high (Fig. 2a) . D2923 treatment at a concentration of 1 μM significantly inhibited CSF-1-induced proliferation in these cells, at a similar potency as the reference compound PLX3397 at the same concentration (Fig. 2a) .
To evaluate the cellular activity of D2923 against CSF1R, we analyzed its effects on the phosphorylation of CSF1R induced by CSF-1 in macrophages. D2923 significantly inhibited CSF1R phosphorylation in RAW264.7 cells, in a dose-dependent manner (Fig. 2b) . A pretty low concentration of D2923, at 10 nM, caused 50% inhibition of CSF1R phosphorylation, and 100 nM of D2923 lead to 80% inhibition. In accordance with the observation of p-CSF1R inhibition, the phosphorylation of AKT, one of the key molecules downstream of CSF1R, was also significantly decreased (Fig. 2b) . Moreover, similar results were also obtained in the THP-1 cells, as evidenced by the potent reduction of p-CSF1R and p-AKT expression caused by the D2923 treatment (Fig. 2c) .
It is reported that cancer cells secrete superfluous CSF-1. We thus asked whether the conditional medium (CM) from cancer cells could activate CSF1R in macrophages and whether it could be blocked in the presence of D2923. The CM from the mouse cancer cell lines MC38 or DBT were used to stimulate RAW264.7 cells that were starved for 2 h. The result showed that the CM from these tumor cells effectively induced the phosphorylation of CSF1R and AKT in RAW264.7 macrophages and that D2923 treatment efficiently blocked CSF1R activation as well as downstream signaling transduction (Fig. 2d) . Collectively, these results demonstrated that D2923 effectively suppressed the phosphorylation of CSF1R and the downstream signaling transduction and, thus, inhibited the proliferation of macrophages.
D2923 delays the proliferation of myelogenous leukemia cells by inhibiting CSF1R
The potency of D2923 against CSF-1-mediated tumor cell proliferation was further assessed in a small panel of myelogenous leukemia cell lines, including M-NFS-60, HEL, RS4;11, and KG1 cells. D2923 markedly inhibited the CSF-1-stimulated proliferation of these cells in a dose-dependent manner, with an IC 50 value ranging from 0.122 to 3.5 μM (Fig. 3a) . The M-NFS-60 cells, which are highly dependent on CSF-1 for survival [13, 29] , showed the highest sensitivity to D2923 treatment, and thus, the efficacy of D2923 in the M-NFS-60 cells was examined subsequently.
Target inhibition of D2923 in the M-NFS-60 cells was further examined. The western blot results demonstrated that D2923 (Fig. 3b) . Concurrently, the phosphorylation of AKT was also potently suppressed by the D2923 treatment (Fig. 3b) . Thus, the data demonstrated that D2923 effectively reduced the in vitro proliferation of myelogenous leukemia cells by blocking the activation and the downstream signaling transduction of CSF-1/CSF1R. D2923 elicits significant effects on G1 cell cycle arrest and apoptosis in M-NFS-60 cells The effect of D2923 on the cell cycle progression in M-NFS-60 cells was also investigated. After 48 h of treatment in the M-NFS-60 cells, D2923 significantly arrested cell cycle progression at the G1 phase (Fig. 4a) . Exposure to 20 nM of D2923 arrested 56.82% of the cells occupying the G1 phase, compared with 47.06% of the control cells. Approximately 78.08% of the cells were arrested in the G1 phase when the concentration reached 200 nM (Fig. 4b) . We then proceeded to test the effects of D2923 on apoptosis in M-NFS-60 cells. As illustrated in Fig. 4b, D2923 triggers concentration-dependent apoptosis in the cells, with ratios of 15 and 98% at concentrations of 60 and 200 nM, respectively (Fig. 4b) , compared with 4% in the untreated control cells. These results demonstrated that D2923, as a new inhibitor of CSF1R, induced apoptosis and G1 phase cell cycle arrest, which thus suppressed the growth of M-NFS-60 cells. 
D2923 inhibits CSF1R-mediated tumor growth in vivo
To assess the in vivo antitumor efficacy of D2923, the M-NFS-60 xenograft mouse model was well established. D2923 was orally administered twice daily at doses of 40 or 80 mg/kg. The results showed that D2923 suppressed tumor growth in a dosedependent manner, with inhibition rates of 50 and 88% at doses of 40 and 80 mg/kg (Fig. 5a ), respectively. The endpoint tumor weights in the D2923-treated group were significantly reduced compared with those treated with the vehicle control (Fig. 5b) . Notably, D2923 displayed a similar efficacy as PLX3397 in this model when given at the same dose and schedule (Fig. 5a, b) .
Additionally, D2923 was well tolerated, with no significant bodyweight loss in the treatment groups (Fig. 5c) .
The tumors were then analyzed by a western blot and immunohistochemistry (IHC). The western blot result showed that the phosphorylation of CSF1R in the tumor tissue was markedly inhibited by the D2923 treatment (Fig. 5d) . Consistent with this, the results of the IHC confirmed that the phosphorylation of CSF1R was inhibited dramatically (Fig. 5e) . The expression of F4/80, a marker of macrophages, was subsequently examined using the IHC method. Intratumoral macrophages were inhibited after oral administration of D2923 (Fig. 5e) , clearly indicating that an oral treatment with D2923 effectively suppressed The RTVs are expressed as the mean ± SD. A significant difference from the vehicle group was determined using a t test, *P < 0.05, **P < 0.01. b The tumor weights were monitored on day 11. c The body weight of each mouse was measured during the treatment. d The expression of p-CSF1R, F4/80, and Ki67 in the tumor tissue was examined using a western blot analysis (d) or IHC (e) macrophage infiltration in xenograft tumors. Moreover, the expression of Ki67, a proliferation marker, was also measured, and the results demonstrated that Ki67 expression was significantly decreased in the 40 and 80 mg/kg D2923 treatment groups compared with the control group (Fig. 5e) , indicating that D2923 possessed potent antiproliferation activity in vivo. These data collectively convinced us that D2923 possessed potent in vivo antitumor activity, mainly by decreasing the number of macrophages in the tumor as well as inhibiting the proliferation of tumor cells.
DISCUSSION
With the great success of immune checkpoint therapies in recent years, immune cells in the tumor microenvironment have become a focus of cancer research and pharmaceutical development [30] [31] [32] . Macrophages represent the most abundant cells of the immune system found within the stroma of some malignancies and, thus, have drawn great attention in cancer therapy. CSF-1 is a key cytokine involved in recruitment and activation of tissue macrophages, exerting these effects by binding to the highaffinity receptor tyrosine kinase CSF1R. The overexpression of CSF1R is closely associated with increased TAMs, the malignance of tumor progress, the promotion of angiogenesis, and resistance to approved therapies [18] . Therefore, inhibiting CSF1R signaling may have a significant potential for the treatment of human cancers by remodeling a favorable tumor microenvironment. Several types of cancers are reported to be highly dependent on CSF-1/CSF1R for growth, such as tenosynovial giant-cell tumors (TGCTs), which represent a rare and locally aggressive neoplasm of the joint or tendon sheath [33] . Therefore, CSF1R becomes an attractive therapeutic target, and a couple of selective CSF1R inhibitors, such as PLX3397 and BLZ945, are in clinical development for the treatment of various types of cancers, including TGCTs. However, none of these selective agents is approved for cancer treatment.
Based on this, the aim of this study was to design and identify CSF1R inhibitors with a novel scaffold. We rationally designed and synthesized a series of 2-Oxo-3, 4-dihydropyrimido [4, 5-d] pyrimidines and evaluated their CSF1R inhibition both in cellfree and cell-based assays. D2923 was one of the representative derivatives, possessing a distinct efficacy in the preliminary screening, and was selected for further investigation. Our data showed that D2923 dose-dependently inhibited CSF1R kinase activity, with an IC 50 value at 0.30 nM, which was more potent than PLX3397 (IC 50 = 15.9 nM) and BLZ945 (IC 50 = 1 nM). D2923 showed weak or moderate inhibition against highly related kinases of CSF1R that belong to the class III kinase family, and no obvious inhibition was observed on other kinases tested in this study, even at a much higher concentration of D2923. These results indicated that D2923 is a relatively selective inhibitor of CSF1R that deserves further evaluation.
Since CSF-1/CSF1R signaling is important for the growth of macrophages, the effects of D2923 on the proliferation of human THP-1 macrophages and murine RAW264.7 macrophages were examined, and the results demonstrated that D2923 efficiently inhibited the in vitro proliferation of these cells, with a potency similar to PLX3397. The target inhibition results confirmed that D2923 dose-dependently suppressed the activation of CSF1R as well as downstream signaling transduction. Notably, the phosphorylation of CSF1R in macrophages was also induced by conditioned medium of cancer cells, and this activation was dramatically inhibited by D2923 treatment, indicating that D2923 effectively blocked the reciprocal effects between macrophages and tumor cells.
The effects of D2923 on the tumor cells were also tested in this study. It exhibited a potent antiproliferative efficacy on a panel of myeloid leukemia cells, with M-NFS-60 cells displaying the highest sensitivity. Mechanistic studies revealed that D2923 inhibited the activation of CSF1R as well as signaling transduction in M-NFS-60 cells and, thus, resulted in cell cycle arrest and apoptosis in these cells, in a concentration-dependent manner.
Moreover, the in vivo antitumor activity of D2923 was examined using an M-NFS-60 xenograft mouse model. The oral administration of D2923 effectively suppressed tumor growth, possessing a similar potency as PLX3397, without affecting mouse body weight. Consistent with this, the expression of p-CSF1R in the tumor tissue was dramatically decreased and was accompanied by a decrease in the number of macrophages in the tumor. Consistent with this, D2923 treatment also decreased the expression of Ki67, a proliferation marker of tumor cells. These data clearly indicated that as a novel CSF1R inhibitor, D2923 exhibited antitumor activities in vitro and in vivo by decreasing the recruitment of macrophages into the tumor and by suppressing tumor growth that depended on CSF-1.
In total, these findings provide strong support for further development of D2923 as an antitumor agent. Since CSF1R inhibition is best described in clinical trials for TGCT, further studies of D2923 on TGCT or other CSF-1-dependent tumors should be seriously considered. Moreover, it will also be interesting to examine combination therapies involving D2929 with chemotherapy, radiotherapy and immune checkpoint therapy.
